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Supplementary Experimental Section.
Synthesis of cyanographene. Fluorinated graphite (4 g, ca 129 mmol, based on C-F bonds) was stirred for three days in 240 mL of DMF at room temperature (RT). The resulting dispersion was then divided into six batches of approximately equal volume, in 50 mL round-bottom glass flasks.
These batches were sonicated for 4 h (Bandelin Sonorex, DT 255H type, frequency 35 kHz, power 640 W, effective power 160 W) under a nitrogen atmosphere before being recombined. NaCN (5.1 g, 106 mmol) was then added to the recombined dispersion and the mixture was heated at 130 °C with a condenser under stirring (500 rpm). Both the molar ratio of NaCN to FG and the volume of DMF relative to the mass of FG were significantly lower than in the previous synthesis. 50 After 48 h of stirring, the reaction mixture was separated by centrifugation and purified by successive washing steps using DMF (2×), acetone (3×), ethanol (3×), and water (3×), followed by hot (80 °C) DMF and water. During the centrifugations in DMF and in water, HCl was added (5 wt%, 0.3 mL) to aid the precipitation of the nitrile-modified graphene flakes. Washings with acidified solvents were also useful for removing Na + , which was bound to the product as a counterion due to the G-CN flakes' negative zeta potential. 50 Finally, the product was subjected to dialysis against water and stored at RT (pH=  8, S = 150 µS cm -1 ). with a 10 mV amplitude voltage perturbation in the maximum frequency range from 100 kHz to 0.001 Hz, at a rotation speed of 1600 rpm. The resulting plots were fitted using the Z View software package (Scribner Corporation). The impedance response was fitted using an equivalent circuit consisting of a resistor R s representing the system's ohmic resistance connected in series to three components each comprising a resistor and a constant phase element connected in parallel (see Fig.   4A ). The first such component (R 1 , CPE1) represents the charge-transfer resistance and the double layer capacitance, while the other two (R 2 , CPE2 and R 3 , CPE3) describe the resistance related to diffusion processes. The ink formulation was optimized in terms of the ionomer loading to minimize the equivalent diffusion resistance at high frequency, which is mainly due to the protonic diffusion limitation. 2 mg of the catalyst was dispersed in a solution of 300 µL of water, 100 µL of isopropyl alcohol, and 5 µL of a Nafion® suspension in alcohol (5 wt. %) and sonicated for 30 minutes to obtain a uniform catalyst dispersion (5 mg mL -1 of catalyst). Two 10 µL drops of this catalyst ink were drop cast on the RDE surface and dried in air at 200 rpm to obtain a catalyst load S3 on the electrode of ca 0.1 mg. All the potentials are reported vs the saturated calomel electrode (SCE) in keeping with the literature on this topic. To verify the sensor's analytical performance in the milk matrix, 10 µL of UHT milk (3.5% fat content) was diluted in 10 µL of 0.1 M PBS buffer, and the previously described amperometric tests were performed.
Electrochemical impedance spectroscopy (EIS) measurements
Characterization methods. FTIR spectra were recorded on an iS5 FTIR spectrometer (Thermo Nicolet) using the Smart Orbit ZnSe ATR accessory. Briefly, a droplet of an ethanol dispersion of the relevant material was placed on the ZnSe crystal and left to dry. The spectra were then acquired by summing 52 scans while using a nitrogen gas flow through the ATR accessory. ATR and baseline correction were applied to the collected spectra.
High resolution X-ray photoelectron spectroscopy (HR-XPS) was carried out with a PHI VersaProbe II (Physical Electronics) spectrometer using an Al K α source (15 kV, 50 W). The obtained data were evaluated and deconvoluted with the MultiPak (Ulvac -PHI, Inc.) software package. The spectral analysis process involved Shirley background subtraction and peak deconvolution using mixed Gaussian-Lorentzian functions.
Transmission electron microscopy (TEM) micrographs were acquired with a JEOL JEM-2100 instrument at 80 keV by depositing samples on a carbon-coated copper grid. HR-TEM images were obtained using a HR-TEM TITAN 60-300 microscope with an X-FEG type emission gun, operating at 300 kV. Scanning transmission electron microscopy high-angle annular dark-field imaging (STEM-HAADF) analysis for EDS (energy-dispersive X-ray spectroscopy) elemental mapping on the products was performed with a FEI Titan HR-TEM microscope operating at 80 kV. For this analysis, a droplet of an aqueous dispersion of the material under study with a concentration of ~0.1 mg mL -1 was deposited on a carbon-coated copper grid and dried at RT for 24 hours.
The solid samples were digested with mixture of acids using a microwave digestion unit Milestone MLS 1200 Mega. Determination of metal contents was performed on an Agilent 7700x quadrupole ICP-MS.
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Supplementary Tables and Figures. Although G-CN contains particularly higher metal impurities than GA1, the latter displays better sensing performance. GA2 contained slightly higher metal contents than GA1, but its sensitivity for hydrogen peroxide sensing was significantly inferior (five times lower than that of GA1, Figure 5B ). 
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